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Maxwell's Equations: 


V XE = -jovH 
\/ XH =o0E + jJowsek 
Vek =p/e 


V.H = 0 


UNITS: 


Electric Field E = Volts/meter 
Magnetic Field H = Amps/meter 
jm = time varying = frequency = ac = d/dt 
0 = charge density = coulombs/meter? 
uv = permeability = henrys/meter 
€ = permitivity = farads/meter 
oO = conductivity = mhos/meter 
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Dimensional Analysis: 


Let’s use dimensional analysis to glean 
insight into the equations so they don ‘'t 
seem so abstract and intangible. 


Let's find a way to put them “on the 


workbench” so we can look them over, 
understand them, and exploit them. 
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Equation 2: V XH =oE 
The Hidden Resistor 


Vet= cé 
wm? Gal 
A= NM 
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Equation 2: V XH =jweE 
The Hidden Capacitor 


Fo= FARaw = UNIT oF CAPAGT ar a 


| fre AMPS = CURRENT - = 


T= Cv 
| dt 


Equation|: V xE = -jovH 
The Hidden Inductor 


Ve & = —-Swuat 


V2. -4 nears |B | 
mt - at iL ™ Y/Y 
Hert = UNIT of TnsacTor = L 


R= AMP = Current = TL 


Ve bdi 
At 
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Equation3: \/ .E =p/e 
“Electric Fields Start and End on Opposite Charges”’ 
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Equation4: \f .H =0 
“Magnetics Fields Start and End on Themselves” 
“Magnetic Fields always form Closed Loops” 


ty 
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Dimensional Analysis: 


|=V/R: (Resistor) 
|= CdvV/dt: (Capacitor) 


V=Ldi/dt (Inductor) 


Maxwell's Equations Imply that Circuit 
Theory is a Subset of Electromagnetics 
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Maxwell in words: 


Electromagnetic Fields exist in Inductors 
Electromagnetic Fields exist in capacitors 
Electric Fields start and end on opposite charges 
Magnetic Fields start and end on themselves 


Electromagnetic Fields require alternating current 
to propagate without wires 


The “Constants” 


o = conductivity = metals [1/ohms/meter] 
e = permittivity = dielectrics [farads/meter] 


v = permeability = ferrites [henrys/meter] 


As far as radio waves are concerned, the 
entire universe is made up of these 3 things 
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About Polarization: 


® Polarization is defined as the direction of the 
Electric Field in a radio wave, and: 


@ Maxwell’s Equations state that Electric Fields 
start and end on opposite charges, and: 


® Coax cables have conductors with opposite 
charges (ground & signal), so: 


@ We can force the desired polarization by 
correctly locating the coax feed point. 
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Antenna Definition: 


An antenna is a physical structure that sends 
and receives Radio Waves 


The essential question is 
“What is a Radio Wave?” 


Stories 


@ The Valley of the Blind men 
@ The Beach 
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Radio VVave Properties: 


Invisible to the human eye 

Travels 7 times around the Earth in one second 
Has definite size and shape 
Has a definite orientation 


propagates without any wires 


Radio VVave Picture: 


VERTICALLY 
POLARIZED 
RADIOWAVE 
TRAVELLING 
TO THE RIGHT 


<< ¢—_—__—————_» 
one wavelength 
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Simplified: 


VERTICALLY 
POLARIZED 
RADIOWAVE 
TRAVELLING 
TO THE RIGHT 


¢—_————_> 
one wavelength 


“Capturing the Elusive” 


@ Must build a “mousetrap”’ 


@ Need to guess what Radiowave looks 
like, then 


® design a structure to capture it 


@ My college professor once told me, 
“Antenna Design is easy; just fit 
Maxwell’s Equations to the boundary 
conditions” 
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About Boundary Conditions: 


Electric Fields are perpendicular to conductors 


Maximum Current occurs at a short circuit 


@ Minimum Current occurs at an open circuit 


Radio Wave must “Fit the Structure” 
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Antenna Fundamentals 


@® Let’s make an Antenna from Maxwell’s 
Equations: 


® Need alternating current 
@ Need a structure based on a capacitor 
@ Need “separation of opposite charges” 


® Need to “fit the wave’ to the structure 
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Basic Capacitor Circuit 


Alternating Capacitor 
Current 
Signal 
Generator 
H Field Electromagnetic 
| Field 
E Field Inside the 


Capacitor 
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Capacitor “Spread Apart” 


Alternating Capacitor 
Current picasa ESE ere 
Signal > (%) ss SEE 
Generator Po SE 


Electromagnetic 
Field 
Inside the 
Capacitor 
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Capacitor “Spread Way Apart’ 


peeeee 
, ea | 
Alternating panne Electromagnetic 
Current HEE Wave 
Signal HEE Vertically 
Generator ce Polarized 
Base 


1 


DIPOLE ANTENNA 


How Far to Spread it? 


Alternating | 2? 
g 
Current Oo Should It Be? 
Signal 
Generator | 


DIPOLE ANTENNA 


Structure Captures This Part of the 
Wave 


Must Be Halfwave Long 


Starts at Current Minimum 


Ends at Current Minimum 
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Structure “Fits The Wave” 


Current Minimum 
at Ends of Wire 


Qo 


yu usjaaeM J/EH 


DIPOLE ANTENNA 


Let's Build a Structure That 
Captures This Part of the Wave: 


Must Be Halfwave Long 
Starts at Current Maximum 


Ends at Current Maximum 


Halfwave 
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Let's Build a Structure That 
Captures This Part of the Wave: 


Short Circuit 
Current Maximum 


Half wavelength 


Signal band 
Generator onductor 
Short Circuit 
Current Maximum 


Halfwave Slot Antenna 
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Electromagnetic Field 
inside the Slot 


H Field 


Halfwave Slot Antenna 
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Captures the Middle Part of the 
Wave: 


Wave Captured 
on Structure 


Halfwave Slot Antenna 


Friday, September 26, 2014 


Fundamental Antennas 


® Dipole Antenna 
@ Slot Antenna: 
® Need alternating current 


@ Need a structure based on a capacitor 


Need “separation of opposite charges”’ 


Need to “fit the wave” to the structure 


Need structure to be Half wavelength 
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Let’s turn fundamental antennas into phone antennas; 
Start by Repackaging the Classic Dipole: 


Exposed 
Center Conductor 


50 Ohm 
—> Coax Cable 


Connector 
To Signal 
Generator 
Classic Repackaged 
Dipole Dipole 
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Repackaged Dipole to 80’s Cell Phone: 


Repackaged chia _ 80's Cell 
| + Ground = 
Dipole Plane Phone 
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80’s Cellphone to Meander Antenna 


Meander 
Traces 
Now Part 
of PCB 


Plastic 
Housing 
Protecting 
Antenna 


Internal 
80’s Cell Meander Pian 


Phone Antenna Phone 
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In-Line Meander to Perpendicular Meander Antenna 


Phone fee 

is Too — “ee 

| one! Antenna 
8° Traces 


Meander Perpendicular 
Antenna Meander Antenna 
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Perpendicular Meander Antenna to Parallel Meander Antenna 


The First 
Internal Antenna PCB 
Phone With 
Phone Antenna 
Too | a — Traces 
Tall! 
Plastic 
Carrier 
Perpendicular Parallel 


Meander Antenna Meander Antenna 
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@ Everything's Going Well: 
@ Phones have Internal Antenna, but... 
e Now, they want MultiBand Internal Antenna! 
@ How to implement that? 
@ Use Parallel Meander Antenna for Lowband 
@ Use Slot Antenna for Highband 


@ Combine the two Feedpoints into one 
Feedpoint to Create MultiBand Antenna 
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Highband Antenna: 
Start with a Classic Slot Antenna 


Halfwave at 900 MHz Halfwave at 
<—_———> 


Classic HighBand Slot 
LowBand on Phone 
Slot Antenna GroundPlane 


HighBand Antenna: 
Classic Slot Antenna to Edge Slot 


Halfwave at Halfwave at 
1800 MHz 1800 MHz 
<——____»> <————_—>> 


HighBand Slot on HighBand Slot Moved 
Phone GroundPlane to GroundPlane Edge 
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HighBand Antenna: 
Edge Slot to Raised Feed Edge Slot 


> Ge 


HighBand HighBand 
Edge Slot Edge Slot with 
Raised FeedPoint 
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MultiBand Antenna: 
Need to Combine Antennas Together 


- ws 
4 


HighBand LowBand 
Boge et Parallel 
with Raised 
Meander 


Feedpoint 
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MultiBand Antenna: 


Need to Combine FeedPoints and Antennas 


HighBand Edge Highband Edge Slot 
Slot with Raised with Plastic Carrier 
Feedpoint and PCB 


MultiBand Antenna: 
Connect FeedPoints Together 


Common 
FeedPoint 


Phone 
GroundPlane 


LowBand 
HighBand hale 
iPhone, iPhone 3, Slot ciel 


iPhone 3G 
Antenna 
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PCB on 
Plastic Carrier 
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